Objective: Female sex has been associated with greater morbidity and mortality for a variety of major cardiovascular procedures. We sought to determine the influence of female sex on early and late outcomes after open descending thoracic aortic aneurysm (DTA) and thoracoabdominal aortic aneurysm (TAAA) repair.
Open repair of descending thoracic aortic aneurysm (DTA) and thoracoabdominal aortic aneurysm (TAAA) remains one of the most complex and technically challenging operations in cardiovascular surgery. 1 Operative mortality ranges from 5% in high-volume aortic centers of excellence to >20% when both institutional experience and the experience of the surgeon are more limited. 2 Although significant improvements in surgical technique and perioperative care have reduced the incidence of major postoperative complications, the magnitude of these operations in an aging population mandates a more rigorous examination of the selection of patients to better identify populations that would perhaps be better served by either a less invasive or a nonoperative approach to their disease.
Sex-specific outcomes for a wide variety of cardiac surgical procedures have drawn significant attention during the last decade. Whereas much is known about the negative influence of female sex on outcomes for coronary artery bypass grafting (CABG), 1, [3] [4] [5] aortic valve replacement, 6 mitral valve surgery, 7 and combined coronary bypass and valve surgery 8 as well as for both endovascular and open abdominal aortic aneurysm repair, little is known about the influence that female sex has on outcomes for open repair of the aorta distal to the left subclavian artery. 9 We sought to examine outcomes for patients undergoing open DTA and TAAA repair to better understand the relationship between sex, aneurysm etiology, and well-established preoperative and intraoperative risk factors affecting successful performance of these complex operations.
METHODS
This study was approved by the Weill Cornell Medicine Institutional Review Board, and the need for individual patient consent was waived. The Weill Cornell Medicine Department of Cardiothoracic Surgery Aortic Surgery Database was retrospectively reviewed to identify consecutive patients undergoing open DTA or TAAA repair between May 1997 and June 2017.
The database is constantly updated and maintained by a team of clinical information analysts, and data collected are validated on a regular basis by means of external and internal controls. Preoperative and postoperative variables are entered prospectively during in-hospital stay. Postoperatively, clinical evaluations are preformed every year or earlier if the patient's symptoms suggest aortic disease. This data are then entered at the time of follow-up. In cases of missing or unreliable data, direct interview with the patient, a relative, or the treating physician was performed.
The primary end points were operative mortality and follow-up death of any cause. Secondary end points were the incidence of major postoperative complications (ie, myocardial infarction, stroke, acute kidney injury requiring dialysis, need for tracheostomy, spinal cord complications) and a composite of postoperative major adverse events (MAEs; operative death and the previously listed major postoperative complications).
The Crawford classification system was used to define TAAA extent. 10 Surgical technique. Details of our surgical technique have been previously described. 11, 12 In brief, a fifth or sixth intercostal space thoracotomy or thoracoabdominal incision is created. Resection of adjacent ribs is performed when necessary for additional exposure. Earlier in our experience, partial left-sided heart bypass (LHB) was used more commonly. Over time, a more selective approach to the application of this adjunct was adopted, depending on aneurysm extent and etiology. For patients with isolated DTA, the preferred strategy is clamp and sew. LHB is preferred for all extent II aneurysms as well as for a majority of both acute and chronic aortic dissections. For aneurysms with involvement of the visceral and renal vessels, blood visceral and cold renal perfusion is used during reconstruction of these critical vessels. 13 When proximal aortic control is deemed too hazardous, aortic reconstruction is performed with the aid of femoral vein to femoral artery cardiopulmonary bypass and deep hypothermic circulatory arrest at 20 C. 14 Univariate and multivariate analyses for death, in-hospital complications, and long-term death were computed to assess for significant demographic and preoperative predictors of such events. Logistic regression analysis by backward selection was performed to identify the specific preoperative predictors of these major postoperative events, including renal and pulmonary complications.
Postoperative survival was assessed using the KaplanMeier method. Groups were compared by way of log-rank analysis. Cox proportional hazards analysis was performed to determine significant risk factors of longterm survival. Univariate predictors with probability <. 20 Table I . Women were significantly older (67.6 years vs 62.6 years; P < .001), with a higher incidence of COPD (47.0% vs 35.7%; P < .001) and a greater percentage of patients with an FEV 1 <50% (28.3% vs 18.2%; P < .001). Women, however, had less preoperative renal dysfunction (24.3% vs 30.7%; P < .032), had previously undergone less cardiac surgery (39.7% vs 56.7%; P < .001), and had a higher ejection fraction (50.4% vs 48.0%; P < .001). Degenerative aneurysms were more common in women (61.7% vs 41.6%; P < .001), whereas chronic dissections predominated in men (42.4% vs 23.1%; P < .001). This may also reflect the bias toward fewer women presenting in the setting of a known connective tissue disorder (8.1% vs 12.8%; P < .039). There was no sex bias with respect to aneurysm extent or procedure status.
Operative data. Operative variables are presented in Table II The need for postoperative tracheostomy was significantly greater in women (10.6% vs 5.0%; P < .003) despite a reduced incidence of left recurrent nerve palsy (3.4% vs 7.8%; P < .012). The incidence of spinal cord injury was significantly less in female patients (1.2% vs 3.5%; P < .05). However, there was no sex bias with respect to either paraplegia or paraparesis. Men had significantly fewer composite MAEs than women did (13.7% vs 19.9%; P ¼ .024).
Results of logistic regression analysis are summarized in Table III . Female sex was not predictive of operative mortality (odds ratio [OR], 0.87; confidence interval [CI], 0.34-2.22; P ¼ .777) but was highly predictive of composite MAEs (OR, 2.68; CI, 1.41-5.11; P < .003). Female sex was also an independent predictor of the need for tracheostomy after aneurysm repair (OR, 3.73; CI, 1.53-9.10; P < .004).
Of the 783 patients, follow-up was 90% complete and there were 232 follow-up events identified. Median follow-up time was similar for men and women (3.5 years vs 3.2 years). Five-year survival for the entire cohort was 63.6% (Fig, A) Supplementary Fig, online only) .
The results of Cox regression analysis are seen in Table IV . Female sex was predictive of long-term mortality (hazard ratio, 1.05; CI, 1.03-1.07; P < .001). COPD, aneurysm extent III and IV, preoperative shock, urgent/emergent status, and postoperative tracheostomy were also significantly associated with worse long-term mortality.
DISCUSSION
Mortality rates for open repair of DTA and TAAA range from 20% in low-volume centers to 5% in high-volume institutions.
2 Volume-related outcomes in TAAA surgery are well known, and outcomes are significantly better with more experience of the surgeon and institution as well as with better selection of patients. 15 Moreover, patient-specific risk factors are extremely important for prognostication of TAAA repair. Aneurysm extent plays a large role owing to the degree of aortic replacement necessary, complexity of the repair, and alterations in collateral blood flow. Extent II TAAA carries the highest mortality, which is nearly twice as high as that of the lower risk extent IV TAAA. 16 Two other major contributing risk factors are preoperative renal insufficiency, which is associated with a seven times higher operative mortality, 17 and poor preoperative pulmonary function, which we found to be strongly predictive of operative mortality, respiratory failure, and the need for tracheostomy. 18 Whereas little has been published about sex-specific differences in TAAA repair, these differences in other areas of cardiovascular surgery have been well described in a variety of procedures, including CABG, valve replacement, combined CABG and valve surgery, and heart transplantation. 19 Female sex is known to be associated with increased risk of mortality and adverse events after CABG. [3] [4] [5] In a large meta-analysis comparing isolated CABG in men vs women, female sex was associated with an OR of 1.77 (95% CI, 1.67-1.88) compared with men for short-term mortality, and a difference persisted in midterm and long-term follow-up. 4 This and other studies have found that women present with a significantly greater number of comorbidities. They also receive ings. In addition, women tend to have smaller valves, and on the basis of ventricular dimensions and other parameters, they present at a later stage when they already are symptomatic rather than at earlier stages. The finding of differences in preoperative risk profiles between men and women is consistently seen with thoracic and abdominal aortic aneurysm patients as well. Beller et al 19 found that women with ascending aneurysms present at an older age with more comorbidities, leading to longer intensive care unit stays (4.4 6 6.7 days vs 3.1 6 3.7 days; P ¼ .024), increased need for dialysis (5.8% vs 1.2%; P ¼ .024), and higher overall mortality (17.4% vs 9.1%; log-rank, P ¼ .017). The finding with abdominal aortic aneurysms is similarly worse in women than in men. 23, 24 In our series of TAAA patients, women tended to be older (67.6 6 13.9 years vs 62.6 6 14.7 years; P < .001), with more COPD, and were more likely to have poor pulmonary function with FEV 1 #50% (28.3% vs 18.2%; P < .001) and atherosclerotic aneurysms (61.7% vs 41.6%; P < .001). Men were more likely to have lower ejection fraction, connective tissue disorders, and aneurysms due to chronic aortic dissections. However, despite these significant differences in preoperative risk factors, operative mortality was similar between the two groups (6.2% vs 5.2%; P ¼ .536). Data specifically regarding sex-related differences in TAAA surgery are scarce and mostly limited to logistic regression analyses identifying female sex as an independent predictor of mortality or MAEs. 9, 11, 25, 26 The most detailed analysis to date comes from the Houston group, who examined sex-related survival in 3353 open TAAA repairs. 9 Their findings were similar to ours in both preoperative risk factors and postoperative outcomes. Similar to us, they found that women present at an older age, are more likely to have pulmonary disease, and are more likely to have atherosclerotic aneurysms. Men had more cardiovascular risk factors and were more likely to have chronic aortic dissections as the etiology. Despite these striking and similar differences between the risk profiles of the two groups in both of our series, we found that there were no differences in operative mortality between the sexes (6.2% vs 5.2%; P ¼ .536). To understand why this is so, we must look at the individual risk factors. Both our group and the Houston group found a higher incidence of preoperative pulmonary disease leading to an increased incidence of postoperative respiratory failure and the need for tracheostomy. In addition, on quantitative testing of pulmonary function, our group identified that women have a higher incidence of severe pulmonary dysfunction with an FEV 1 #50%. We have previously shown that the operative mortality with FEV 1 #50% was 11% compared with 6% (P ¼ .1) in those with better pulmonary function, and FEV 1 #50% was associated with a 6.99 times increased risk of MAEs. 18 Whereas the risk of complication is higher, patients can usually recover their pulmonary function, and it is not a cause of significantly higher operative mortality. Both our series and the Houston series found that the incidence of renal insufficiency or failure is lower in women than in men. We have previously shown that operative mortality is seven times higher in patients with renal insufficiency (14.2 vs 2.2%; P < .001) and 5-year survival is significantly lower (45.0% vs 69.8%; P < .001). 17 Despite the lower incidence of renal insufficiency, operative mortality is not different and 5-year survival is actually worse in women than in men (59.7% vs 66.2%). The Houston group found no difference in long-term survival. 9 The Houston group found that women had a higher prevalence of atherosclerotic aneurysm, whereas men were more likely to have chronic dissections. 9 Our data are congruent with these findings and show that in men, the incidence of chronic dissection and degenerative aneurysms is nearly equal, but in women, the incidence of atherosclerotic aneurysms is nearly triple that of chronic dissection. Whereas the difference in etiology and the different surgical techniques necessary to treat each type might be theorized to cause differences in outcomes, this is not seen in the literature. Conrad et al 27 compared chronic dissection with degenerative aneurysms in 480 patients and found no difference in operative mortality or long-term survival. Whereas our surgical techniques do not differ on the basis of sex, they are affected by etiology and anatomy. We routinely use LHB for chronic dissections but often use a clamp-andsew technique for degenerative aneurysms. Chronic dissections are more complex to repair because of multiple lumens and often numerous patent intercostal arteries along the entire aorta. Degenerative aneurysms are often simpler to repair because they have a single lumen and often thrombosed intercostal arteries. This difference in etiology accounts for the difference in perfusion technique. Interestingly, despite the longer cross-clamp times and more complex repairs required in men because of the higher incidence of chronic dissection, differences in spinal cord injury and operative mortality were not seen, probably owing to the use of LHB for circulatory assistance during these more complex cases. The higher rate of left recurrent laryngeal nerve injury in men may be related to the etiology of aneurysmal disease in the two groups. Women had more degenerative aneurysms, whereas men had more chronic dissections. Chronic dissections more frequently involve the distal aortic arch, requiring clamping between the left carotid and subclavian arteries more frequently, which leads to a higher risk of nerve injury. 28 Finally, the increased incidence of chronic dissection among men could be due to the higher propensity for men to have a bicuspid aortic valve, which is known to be a risk for aortic dissection. 29 The inflammatory response associated with dissections may make it more difficult to identify the recurrent laryngeal nerve and to separate tissue planes.
Limitations. This study is limited by the retrospective nature of the analysis. The differing risk profiles make direct comparison difficult, but even with propensity score matching, other groups have found that these disparate outcomes are sustained. 9 Our institution is a high-volume, tertiary care aortic referral center with experience in open TAAA repair, and the results may not be generalized to lower volume centers. However, this study contributes to an area of the literature regarding sex disparities that is in need of further clarity.
CONCLUSIONS
Women and men undergoing TAAA repair have significant and consistent differences in preoperative characteristics. Despite these differences, operative mortality is similar between the two groups. However, women are at significantly increased risk of MAEs, especially respiratory failure, because of those differences in risk factors, including age, pulmonary function, and aneurysm etiology. Further clarity is necessary to provide accurate prognostication to patients in the preoperative setting. 
AUTHOR CONTRIBUTIONS

